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16 Preface 

Magic for the use of their laser scanner to create Plates IJ.24-37, and to Norman Chin for 

computing vertex normals for Color Plates 11.3032. L. Lu and Carles Castellsagué wrote 

programs to make figures. 

Jeff Vogel implemented the algorithms of Chapter 3, and he and Atul Butte verified the 

code in Chapters 2 aad 7. David Sklar wrote the Mac and X11 implementations of SRGP 

and SPHIGS with help from Ron Balsys, Scott Boyajian, Atul Butte, Alex Contovounesios, 

and Scott Draves. Randy Pausch and his students ported the packages to the PC 

environment. 

We have installed an automated electronic mail server to allow our readers to obtain 

machine-readable copies of many of the algorithms, suggest exercises, report errors in the 

text and in SRGP/SPHIGS, and obtain errata lists for the text and software. Send email to 

‘‘graphtext @ cs.brown.edu’’ with a Subject line of ‘‘Help’’ to receive the current list of 

available services. (See page 1175 for information on how to order SRGP and SPHIGS.) 

‘Preface to the C Edition — 
This is the C-language version of a book originally written with examples in Pascal. It. 

includes all changes through the ninth printing of the Pascal second edition, as well as~ 

minor modifications to'several algorithms, and all its Pascal code has been rewritten 

_ in ANSI C. The interfaces to the SRGP and SPHIGS graphics packages. are now 

_ defined in C, rather than Pascal, and correspond to the new C implementations of — 

” these packages. (See page 1175 for information on obtaining the software.) = 

We wish to thank Norman Chin for converting the Pascal code of the second - 

edition to C; proofreading it, and formatting it using the typographic conventions of . 

“the original. Thanks to Matt Ayers for careful proofing of Chapters 2, 3, and 7, and- 

"for useful suggestions about conversion problems. ae 

Washington, D.C. 
J.D.F. 

Providence, R.I. 
A.v.D. 

New York, N.Y. 
S.K.F, 

Providence, RA. 
J.F.H. 
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1136 Appendix 

equal to zero, defining a closed polygon in the plane (the polygon’s edges are v,V2, V2Var «+ + Vy —1Yns 

v,¥). You wish to define a polyhedron that consists of this object, extruded along the z axis from z = 

0 to z = |. Assume a right-hand coordinate system. 

a. How would you check that the polygon v[I],.- + v[n] is counterclockwise (i.e., aS you 

traverse the edges of the polygon, its interior is to your left)? 

b, Describe an algorithm for generating the polygons of the extruded object. For the ‘‘sides,”’ 

you cah either use rectangular faces or divide them into triangles. The descriptions of these 

polygons should be indices into a list of vertices. 

c¢. Each of the faces given in part (b) consists of a list of vertices. Suppose that you walk around 

the boundary of a polygon, and the polygon interior is to your right. Did you choose your 

order for the vertices so that the exterior of the extruded polyhedron is always overhead? If 

not, modify your answer to part (b). 

d. Each edge of the extruded polyhedron is part of two faces, so during the traversals in part (Cc), 

each edge is traversed twice. Are the two traversals always in the same direction? Always in 

opposite directions? Or is there no particular pattern? 

A.4. Given that P = (x, 0) and Q = (Xx, )) are points in the plane, show that the equation of the line 

between them is (y; — Yo) ¥— G4 — Xp) Y = YiXo — To- This formulation is especially nice, because it 

provides a general form for lines in any direction, including, vertical lines. 

A.5 Given that ¥ = is a vector in the plane, show that w = < is orthogonal to it. This is 

sometimes called (in analogy with the corresponding case in 3D) the cross-product of a single vector 

in the plane. The cross-product of n — 1 vectors in R" can also be defined, 

A6 If P, Q, and R are three points in the standard affine 3-space, then 

17 Q-P)xR-PI 

is the area of the triangle APQR. If P, Q, and R all lie in the xy plane in the standard affine 3-space, 

then 
0 

1 jo} (Q-P) x (R- P) 

1 

gives the signed area of the triangle—it is positive if APOR is a counterclockwise loop in the plane 

and negative otherwise. (Counterclockwise here means “counterclockwise as viewed from a point on 

the positive z axis, in a right-handed coordinate system.’”) 

a. Find the signed area of the triangle with vertices P = (0,0), Q = (, ys and R = 

(Xj 41) Yer 

Answer: 7 (x; Ya 7 41 YE) 

b. Suppose we have a polygon in the plane with vertices vj,..+ Yar (Va = y,), and v; = (% y;) for 

each i. Explain why the signed area of the polygon is exactly 

nol 

Xia ~ M4 i 

N
i
l
 

i=] 

Compare this with Eq. 11.2. 

A.7 The Gram-Schmidt process described in Section A.3.6 for three vectors can be slightly 

simplified. After computing W, and Wy, We seek a third unit vector, Ws, which is perpendicular to the 

first two. There are only two choices possible: Ws = = Wi % We: Show that the Gram-Schmidt process 

chooses the sign in this formula to be the same as the sign of ¥s* ("1 * w,). This implies that if you 

know that V,, V2, Ve is positively oriented, then you need not even check the sign: W, = Wi *% We 
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world 
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BBN Butterlly, 935 
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regularized Boolean set operations, 570, 

580-58) 

shadow algorithm, 775 
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Binding, see Hardware binding 
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Bintree, 576, 808 

BitBlt, 93, 1010-1016, see also CopyPixel, 

PixBit 

implementation, 
156 

managing windows, 1020-1022 
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pacudocode , 1012 

(inmnap, 25, 37, see also Plamap 

characters, 151 

offscreen, see Canvan, offyereen 

pattern. 58-60 

sealing of, 875 

flanking, 36 

Blending functions, CUFYES, 507, 509, 

517-518, 521 

Blobby objects. 1071 

Bloom, phosphor, 182 

Bohm algorithm, tor cubic curves, 534 

Boldface, see Character 

Booleun operations On polygons, 961 

Boolean operations on solids, see Regularized 

boolean set operations 

Bottlenecking, 855, 856-857 

Boundary fill, see Filling algorithms. 

boundary fill 

Boundary representation, 566-572, 583, 584 

adjacency relationships, 570 

non-polyhedral, 571-572 

regularized Boolean set Operations, 

570-571 

Bounding box, 684, see also Extent 

Box filter, see Filler, box 

Bresenham, circle scan conversion, see Scan 

conversion, midpoint circle 

Bresenham, line scan conversion, see Scan 

conversion, midpoint line 

Brewster angle, 795 

Brightness, of light, 587, 608 

BRIM, 873 

BSP tree, see Binury-partitioning
 tree 

Brush, see also Antialiased brush 

orientation, 128 

shape, 128 

B-spline, see Curved surfaces, Curves 

B-spline curves, see Splines, B-spline curves 

B-spline surfaces, see Splines, B-spline 

surfaces 

Buffer, see Refresh buffer 

Bump mapping, 1067 

Button mask, locator, 71-72 

By-example specification, 488 

Cabinet projection, see Projection 

CAD, see Computer-aided design 

Callback procedures, 474-476 

Calligraphic display, 33, see also 

Random-scan display 

Camera, viewing, 273 

Camera interpolation. see Interpolation, 

camera 

Cancel command, 433-434 

Canvas, 77-78 
offscreen, 93 

Cartogruphy. 30 

CAT scun, see Computed tomography 

Catenury, 1065 

Cathode-ray tube (CRT), 179-184, 588, 594, 

665, 880, see also Flat tension musk, 

Flicker, Focus 

shadow-mask, 182 

a, areu-subdivision algorithm, 

Catmull-Rom splines, see Splines. 

Catmull-Rom 

Cavalier projection, see Projection 

Cel, 1083 

Cell decomposition, 572-573, 582 

Center of projection (COP), 254 

Center of window (COW), 262 

Central Structure Storage, 317-319, see also 

Structure network 

Channel, 868 
Character 

alignment, 153 
boldface, 155 

descender, 63, 153 

font, 153 
Italic, 155 
recognition, 397 

roman, 153 

typeface, 151, 153 

width, 153 

Charge-coupled device (CCD), 219-220 

Choice logical device, 66, 212, 219, 376, 

460, 476 

Choice set, 385 
Chord, locator button state, 68 

Chroma, color, 598 

Chromaticity, color, 604-607, 613 

Chromaticity coordinates, 604, 610, 613, 

624 

Chromaticity diagram, see CIE chromaticity 

diagram 

1d Index 1139 

CIE (Commission Internationale de 

\'Eclairage), 603 

CIE chromaticity diagram, 603-608 

CIE color model, 609 

CIE LUV uniform color space, 608, 618 

CIE primaries, 603-604 

Circle, implicit equation of, 1121 

Circles, see Scan conversion, general circles 

Classical adjoint, see Adjoint, classical 

Click and drag interaction, 410 

Client, 464 

Clip rectangle, 79 

Clipping, 95, 948 

analytical, 134 

characters, 151 

Cohen=Sutherland line algorithin, 137 

Cyrus—Beck-Liung Barsky algorithm, 949 

depth, 894 
endpoints, 136 
to general windows, 1019 

in homogeneous coordinates, 296, 894 

Liang—Barsky line algorithm, 145-148 

Liang—Barsky polygon algorithm, 953, 

954-961, 1030 

lines, 135-148, 949 

Nichol-Lee—Nichol line ulgorithm, 139, 

201, 949-952, 1030 

polygon, 148-151, 948, 953 

in POSTSCRIPT, 1026 

to rectangular windows, 948 

Sutherland-Hodgman polygon-clipping 

algorithm, 148-153, 298, 953 

text string, 151 

4D, 295-298, 683, 893-894, 902-903 

3D Cohen-Sutherland line algorithm, 295 

3D Cyrus-Beck, 295 

3D Liang-Barsky, 295 

trivial acceptance, trivial rejection, 892, 

902 

2D primitives in # raster world, 134-151 

2D raster graphics, 79 

vertical polygon edges, 959 

Weiler polygon algorithm, 953, 961-969, 

1030 

Clipping plane 

back (yon), 264 

front (hither), 264 

Closure, visual, 442-443 

Cloth, 1065 

Clouds, 1068-1069 

fractal-based, 1068 

Cluster, 699 

Cluster priority, 700 

EE
se
ee
r.
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Clustered-dot ordered dither, 592, 594, 596 

CMY color model, 608, 611-613, 624 

CMYK color model, 612 

Coding 
information, 428 

redundant, 446, 448 
visual, 411, 446-449 

Coding categories, 446 

Cohen—Sutherland line-clipping algorithm, 

see Clipping, Cohen-Sutherland line 

algorithm 

Coherence, 115, 681 

area coherence, 681, 710 

depth coherence, 681, 708 

edge coherence, 115, 681, 704 

face coherence, 681 

frame coherence, 681, 688, 739 

implied edge coherence, 681 
invisibility coherence, 709 

object coherence, 681, 775, 808 

scan-line coherence, 115, 681, 704, 739 

span coherence, 681, 705 

spatial coherence, 905 

Color, see Chromaticity, Dominant 

wavelength, Hue, Luminance, Metamer 

Color blind, see Color deficient 
Color coding, 446-448, 626 

Color deficient, 446, 448, 625-626 

Color gamuts, 607-608 
Color harmony, 625 
Color interpolation, 622-623 

Color map, see Video look-up table 

Color matching functions, 602-604 

Color models, 608-619, see also CIE, CMY, 

HLS, HSB, HSV, HVC, RGB, YIQ 

Color table, 56, see also Video Sook-up table 

Color usage rules, 626 
Colorimeter, 606, 610 

Colorimetry, 599 
Column-preserving map, 852 
Comb function, 660-661 

Command language, 372, 426, 427 

Command mode, 440-441 

Commission Internationale de |’Eclairage, see 

CIE 
Commutativity, matrix operations, 233-234 

Complementary colors, 606-607, 614 

Composite architecture, see 
Image-composition architecture 

Composite interaction task, see Interaction 

tasks, 
Composite modeling transformation matrix 

(CMTM), 340 
Composite video, 204 

Compositing 
a-channel, 859-864 

hardware, 864-866 
image, 839, 859-867, 874 

Composition, see Transformation, 

composition 
matrix, 229 

Compositor, 925, 930 

Computed tomography, 840, 1059, 1063 - 

Computer-aided design (CAD), 29, 31, 495, 

538, 540 
Conceptual design, of user interface, 

418-419, 428, 453, 454 

Conductor, 791, 794-795 
Cone filter, 160 
Cone receptors in eye, 600 

Cone tracing, 810-811, see also Ray tracing 

Cones, 757 

Conics, see Scan conversion, general conics 

Connection Machine, see Thinking Machines 

Connection Machine 

Connectivity of regions, 1003 

Consistency 
user interface, 428-429 

visual, 449-450 

Constraint, 384, 402, 478, 1064 

dynamic, 1064, 1100 

energy, 1064 

in line drawing, 408 

Constraint-based modeling, 1064 

Constructive planar geometry, 962 

Constructive solid geometry (CSG), 
581-582, 583, 584, 696, 925 

Containment tree, 967, 1031 

Context, PostScript, 1024 

Context switching, 931-932 ° 

Context-sensitivity, user interface, 433, 436, 

437, 441, 481, 483 

Contiguous partitioning, 911-912, see also 

Parallel rasterization architectures, 

image-parallel 

Continuity, see Curves 
curved surface, 504-506 

Contouring, intensity, 593 

Control grid, of CRT, 179, 589 

Control points, see Curves and Curved 

surfaces 

Control to display ratio (C/D ratio), 375, 

376, 399 

Convergence of electron beam, 180 

Conversion between color models, 608-620 

Conversion between curve representations, 
534-535. 

Convex hull, 512, 514-515, 516, 518, 520, 

533 
Convolution, 653-657, see also Filter 

graphical, 656-657 
precomputed tables, 719 

Cook-Torrance, see I]lumination, 

Cook—Torrance 
Coons’ patch, 543 
Coordinate system, 1116, 1118 

application, 84, 304 
camera, 304 

device, 234, 305 

eye, 304 
left-handed, 304 
local, 304, 402 
logical device, 304 
modeling, 304 
normalized device, 304-305 
normalized projection, 265, 302, 304 

object, 304, 383 
problem, 304 
raster, 305 
right-handed, 238, 304 

screen, 304-305, 383, 403 
in SRGP, 50 
(u, v, n), 262-304 

(u, v, VPN), 304 
view reference, 262, 304 

world, 234, 304, 383 
Coordinates 

absolute, 209 
in an affine space, 1118 
relative, 209 
in a vector space, 1117 

Coordinate-system representation, 96 

CopyPixel, 80, 1010-1016 
Coral, 1072 

Core Graphics System, 39 
Correct command, 433-434 

Correlation, see Pick correlation 
COUSIN, 489 
Cramer’s rule, 1130 
Cross-hatching, see Vector cross-hatching 
£ross-product, 1128 

CRT, see Cathode ray tube 
CSG, see Constructive solid geometry 

CSS, see Central Structure Storage 

CT scan, see Computed tomography 

Cube architecture, 938 
Cuberille, 573 
Cubic curve, 496, see also Splines 

drawing, 535~538 
Culling, structure network, 364 

Current command, 439 
Current path, PostScript, 1027 

Index 1141 

Current point, 439 

Current position (CP), 195-198 
Currently selected object (C 

483-484, 487 — a 
Cursor, 3D, 696 
Curved surfaces, 540-553 see also Surface 

patch 

adaptive subdivision, 551 

display methods, 937 
forward differences, 937 
tesselation, 831 

Curves, see also Splines 
parametric polynomial, 496 
parametric cubic, 502-540 

Cyrus—Beck line clipping algorithm, 141-148 

D (microfacet distribution function), 788 
Beckmann, 788-789 
Trowbridge—Reitz, 788 

d,, (distance from point source to surface), 
749 

D/A conversion, see Digital-to-analog 
conversion 

Damage repair, 61, see also Regeneration 

strategy 
Data flow, 492 

Data model, 490 
Data tablet, see Tablet 
Database, see Display model 
Database amplification, 1035 
DataGlove, 379-381, 1097 
DC (direct current), 649, 654, 661 

DDA, see Digital differential analyzer 
Decision variable 

for circle scan conversion, 108 

for ellipse scan conversion, 112 
for line scan conversion, 100 

Deflection coils, 179 
Deformable solids, 1066 

Degree elevation, parametric curves, 531 
Degrees, rectangular, 54 
Demultiplex events, 471 

Density emitter, 1061 
Dependence, linear, 1115 

Depth buffer, see z-Buffer 
Depth clipping, 635 
Depth cueing, 634, 751-752 
Depth of field, 639, 798-799, 813 
Depth-sort algorithm, 697, 739-740 
Descender, character, see Character, 

descender 
Design objective, user interface, 415-416, 

429, 445, 482 
Design rules, visual, 450-452 
Desktop metaphor, 371
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Detectability, filter, 357 

Determinant, see Matrix, determinant of 

Device-independence 

graphics, 39 

interface, 91 

DIAL, 1091 

Dialogue box, 405406, 435, 438, 449-450, 

469, 476 
Dicing, 835 

Dielectric, 790, 794-795 

Diffuse reflection, 747-751 

coefficient (ky), 748 

Digital differential analyzer, 98 

Digital Equipment Corporation (DEC), 454 

Digital holography, 942 -943 

Digital typography, see Typography, digital 

Digital-to-analog conversion, 884 

Digitize, 374, 379, see also Scanning 

Dimension, fractal, 1044 

Direct manipulation, 26 

Direct manipulation user interfaces, 372, 

421-422, 427, 436, 489 

Direction of projection (DOP), 255, 262 

Direction of reflection (R), 753 

Direct-view storage lube (DVST), 34, 185 

Discrete Fourier transform, 649 

Discretely shaped B-splines, 531 

Dispersed-dot ordered dither, 594, 596 

Dispersion, 781 

Display controller, 35, 93 

Display coprocessor, see Graphics display 

processor 

Display devices, raster, 49 

Display list. 33 

Display list storage, 200 

Display model, 886 

distributed, 905 

Display procedure, 332 

Display processing unit, 885-890, see also 

Random-scan display processor, Display 

controller 

Display program, see Display list 

Display traversal, 318, 323, 332-355, 

891-892, 901, 904-905 

attribute inheritance, 342-345 

immediate mode, 891 
implementation, 358-362 

modeling transformation, 339-341, 360 

optimization, 360-361, 364-365 

retained mode, 891 
viewing transformation, 323-326 

Distance formula, from point to line, 1124 

Distributed frame buffer, see Parallel 

rasterization architectures, image-parallel 

Distributed ray tracing, 812-816 

jittering, 812 

Poisson distribution, 812 

Dither matrix, 593-596 

Dithering, 593, 623, see also Ordered dither, 

Random dither 

Do what I mean (DWIM), 386 

Do-it command, 441 

Domain 
frequency, 647 

spatial, 642, 647 

temporal, 642 

Dominant wavelength, color, 599-600, 604, 

606 
Doré, 834 

Doc product, 1118 

in region classification, 142 

Dot size, 170, 182 

Double buffering, 37, 201, 361-362, 

882-883, 910 

Double-hexcone HLS color model}, 616, 

618 
Dragging, 410 

DRAM (Dynamic random-access memory), 

881-882, 895, 914 

Drawing octants, 977 

DVST, see Direct-view storage tube 

Dynamic constraints, see Constraint, dynamic 

Dynamic Digital Displays Voxel Processor, 

938 
Dynamic random-access memory. see DRAM 

Dynamic range, intensity, 588, 590-591 

Dynamics, 639, 1095, 1098-1100 

geometric modeling, 335-338 

inverse, 1100 

motion, 28, 1081 

update, 28, 1081 

E, (incident irradiance), 786 

Echo, see Feedback 

Edge coherence, 120 

Edge detection, 844 

Edge enhancement, 844 

Edge table, 705 

Editing, of structure network, 348-351 

Eigenvalue, 1132 
Eigenvector, 1132 

8 by 8 display, 913 

8-connected region, 1003 

Elasticity, 1066 

Electroluminescent (EL) display, 188 

Electromagnetic energy, 599 

Electron gun, 179, 183 

Electrophoretic display, 188 

Element, structure nctwork, 317, 319, 348 

Ellipse 
are specification, 54 

specification, 975, 1031, see also Scan 

conversion, general ellipses 

Elliptical weighted-average filter. 851-852 

Energy distribution, see Spectral energy 

distribution 

Environment mapping, see Reflection 

mapping 

Ergonomics, see Human factors 

Error diffusion, Floyd-Steinberg, 596-597 

Error measure, 97 
Error rates, 415, 427 

selection task, 384, 394 

Error recovery, 433-435 

Errors, user, 418, 433-435 

Nha Na (indices of refraction), 781 

Euler angles, 1087 

Euler operators, 568, 585 

Euler's formula, 567 

Evans & Sutherland Computer Corp., 910, 

943 
Even-odd rule. 989 
Event, 44 

input, 66 
SRGP input mode, 69-72 

window system, 471-475 

Event language, 486-487 

Event mode. input devices, 461-463 

Event queue, 66, 461-464 

Event routing 
dispatcher, 474 

listener, 473 
notifier, 474 
real-estate based, 472 

user, 472-474 

Event-driven interaction, 66-72 

Excitation purity, color, 599-600, 606, 607, 

615 
Expert system, 437, 449, 490-491, 625 

Explicit functions, 502 
Extensibility of user interface, 417, 427, 437 

Extent, 684-687, 911 

minmax, 685 
text, 63 
3D object, 360 

Extinction, coefficient of (x,), 791 

Extrusion textures, 1042 
Eye, 588 
Eye tracker, 375 
Eye-hand coordination, 374, 384 

F, (Fresnel term), 788, 790-791 

Index 1143 

fim Gight-source attenuation factor), 749 

Faces, modeling, 1073 

Factoring of user interface commands, 439, 

442 . 

Fade operator, 863 

Fast Fourier transform, 650 

Feedback, 384, 386, 399, 417, 428-432 
438, 461 

input devices, 74-76 

Feibush—Levoy-Cook algorithin, 847-850, 876 

Fields, video, 1103 

F(u), Fourier transform of f, 649 

fio), signal, 649 
Filled primitives, see Scan conversion, filled 

primitives 

Filling 
circle, 123-124 

ellipse, 123-124 

pattern, 124-128 
polygon, 116-123 

rectangle, 115 

Filling algorithms, 866, 1003 

boundary fill, 1003-1004 
flood fill, 1003-1004 
seed fill, 1004 

soft fill, 1009, 1007-1010 
tint fill, 1003 

Film recorder, 177-178, 594, 665 

Filter, 160 see also Prefiltering, Postfiltering 

Bartlett, 661 
box, 660, 799 

convolution kernel. 655 

cut-off, 653 
finite support, 655 
FIR, 659 
Gaussian, 659, 665 

highlighting/visibility, 356-357 

IIR, 659 
infinite support, 657 
negative lobes, 658 

ringing, 657 
support, 655 

triangle, 659 
windowed, 657 

Filtering , 652-660, 719, 841 

Finite element mesh, 1065-1066 

Fireworks, 1055, 1079 

Fitts’ law, 395 
Flaps, 757 

Flat tension mask CRT, 184 

Flicker, CRT, 36, 181 

Flight simulator, 28, 943 

Flocking behavior, 1073 

Flood fill, see Filling algorithms, flood fill 
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Intel 82786 Graphics Coprocessor, 932 

Intel i860 Microprocessor, 888-890 

Intensity, 746-747, 784-787 

light, 587-597 

of line as function of slope, 104 

profile, 997 
radiant, 785 

resolution, 592 

Interaction, see Logical input device 

Interaction handling, 44 

sampling vs. event, 66-68 

in SPHIGS, 352-355 

in SRGP, 64-76 

Interaction tasks. 372-373, 382-405 

composite, 405-412 

position, 373, 382-385, 400-402, 405 

quantity, 373, 398-400 

select, 373, 385-397, 401, 405 

text, 373, 397-398 

3D. 400-405 

3D rotation, 403-405 

Interaction techniques, 372-373, 382-405, 

418-419, 454, 475 

color specification, 619-622 

Interaction toolkits, 475-480 

Interdot distance, 170 

Interlaced scan, 203-204 

Interleaved partitioning, 912, see also Parallel 

rasterization architectures, imape-parallel 

International Standards Organization, see 

ISO 
Internode, 1052 

Interobject communication, 1043 

Interobject reflections, 782-785 

Interpolation, 1075, see also Shading 

camera, 1088, 1101 

color, 622-623 

linear, 1084 

orientation, 1087 

spherical linear, 1087 

Intersection formula 

between circle and line, 1124 

between line and plane. 1125 

InterViews, 476 

Inverse, see Matrix, inverse of 

Inverse Fourier transform, 649 

Invisible-surface table, 709 

Irradiance, 786 

ISO (International Standards Organization), 

40, 309 

Isosurface, 1059-1060, 1071 

Italic, see Character, italic, Font 

Item buffer. 806, 820 

Iterated function system (IFS) 870-873 

modeling, 1050 

Jaggies, 38, 156, 652, see also Aliasing, 

Antialiasing 

Joystick, 215, 374-375, 379, 382, 384 

Joyswitch, 215, 384 

JPL, 631 

Julia-Fatou set, 1045 

Just-noticeable color difference, 602 

k, (ambient-reflection coefficient), 747 

ky (diffuse-reflection coefficient), 748 

k, (intrinsic color), 746-747 

k, (specular-reflection coefficient), 753 

k, (transmission coefficient), 778 

Kerning, 153 

Keyboard, 218, 375, 382, 386, 396-397, 

401, 428, 430 
chord, 376 

logical input device, 70, 76, 212, 

460 

Key-frame, 1082 

Kinematics, 1098-1100 

Knight, stained glass, 1074 

Knot, cubic curve, 515, 520 

Kochanek—Bartels spline, see Splines, 

Kochanek-Bartels 

T, (vector to light L), 747 

Label, structure element, 348 

Lambertian reflection, 747 

Lambert's law. 748 

Language 

form, 418 

meaning, 418 

Lap-dissolve, 865 

Latency, 898, 941 

Lateral inhibition, 759 

Law of least astonishment, 428, 437 

Lazy evaluation, 809 

Lazy menus, see Menus, drop-down 

LCD, 665, see also Liquid crystal display 

Length, of a vector. 1119 

Lerp, see Linear interpolation 

Level surface, 1059-1060, 1071, see also 

Isosurface 

Lexical design, 419, see alsv Hardware 

binding design 

Lexidata Lex 114, 932 

L-grammars, 1051 

Liang—Barsky line-clipping algorithm, see 

Clipping, Liang-Barsky line algorithm 

Light. see Ambient light, diffuse light, 

illumination, etc. 

Light-emitting diode (LED), 379 

Light pen, 217, 374 

Light source see also Mlumination 

attenuation, 749-751 

attenuation factor (fi). 749 

colored, 749-750 

cones, 757 

directional, 636, 749 

extended, 637, 796-797, 813, 817, 823 

flaps, 757 
floodlight, 757 

goniometric diagram, 756 

overflow, 758 

point, 636, 747 

sky, 823 
spotlight, 757 

Warn controls, 755-758 

Light valve display, 188 

Lighting, 892-893, 902, see also 

Iumination 

Lightness, color, 598-599, 603 

Line, see also Scan conversion 

contour, 691 

haloed, 691-692 

implicit equation, 1136 

parametric equation, 1110 

style, 133, 969 
thickness, 969 

_ Line drawing, 33 

"Linear combination, 1109 

Linear expression, 919-920 

Linear-list notations, see Animation, 

linear-list notations 

LinearSoftFill, 1007, 1008 

Linguistic interaction task, 384, 398 

LINKS-1, 935 

Liquid crystal display (LCD), 185-187, 396 

List-priority algorithms, 696-704, see also 

Depth-sort algorithm, Binary 

space-partitioning tree 

Local control, cubic curves, 515, 517 

Local transformation matrix, 328 

Locator, 44, 941 

Locator logical device, 212, 460-463 

absolute, 374 

continuous, 374-375 

direct, 374 

discrete, 374-375 

indirect, 374 

relative, 374 

3D, 352, 379-381 

————_————  i~“ 
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2D, 65-75 

Logical input device, 65—66, 212, 373, 

460-463, sce also Keyboard, Locator 

Logical visual organization, 442-446 

Logic-enhanced memory, 917-923, see also 

Parallel rasterization architectures, 

image-parallel 

Look-up table (LUT), 869, see also Video 

look-up table 

Low-pass filtering, 653 

Luminance, color, 587, 599-600, 613, 614 

Luminescence, 861, 863 

Luminous efficiency function, 600-601, 603 

Luminous energy, 605 

Luxo, Jr., 1076, 1101 

m (RMS slope of microfacets), 789 

Mach bands, 759-760, 762 

Macintosh, 372, 377, 392, 395, 397, 421, 

424, 435, 437, 449, 454, 465, 468 

operating system, 1020 

Macro command, 437 

Mandelbrot set, 1045-1046 

Mandrill, smiling face of, 642 

Man-machine dialogue, see User-computer 

dialogue 

Marble, 1070 

Marching cubes, 844, 1059, 1072 

Marionette, graphical, 1097 

Marker, output primitive, 52 

Master, object hierarchy, 315 

Material percentage volume, 1062 

Material properties, 637, 747 

Matrix 

determinant of, 1127-1129 

identity, 1127 

inverse of, 1129-1130 

multiplication of, 1127 

transpose of, 1129 

Matrix addressing of display. 186 

Matrix Multiplier, 901-902 

Matte volume, 1062 

MeDonnell—Douglas, 943 

Measure, logical input devices. 66, 69-71 

Measure of an interaction device, 460 

Median-cut algorithm 

color, 624 

Medical imaging, 840, 1061-1063 

Megatek Sigma 94,915 

Memorization, 437-438 

Memory 

recall, 426, 438 

recognition, 426, 438 
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Menus, 426-428, 434-435, 444 

appearing, 391 

drop-down, 393 

hierarchical, 388-391 

order, 388 
pie, 394 
pop-up, 372, 391-392, 394 

pull-down, 73~74, 78-82, 391 

pull-out, 391, 393 

static, 391 

Metafile, 357, 868 

Metamer, color, 600, 603 

Metaphor, user interface, 418 

Mickey UIMS, 479-480 

Microfacets, 788 

Micropolygons, 835 

Microsoft, 372, 392, 397, 406 

MIKE UIMS, 489 

MIMD, see Parallelism 

MIP map, 850 

Mitering, 986 

Mnemonic command names, 437 

Modality, attribute specification, 54 

Mode, input devices, 68 

Modeling, 310-312 

Modeling, see Geometric modeling 

Modeling transformation, see Transformation, 

modeling 

Modes 

context-sensitive syntax, 441 

harmful, 438 

useful, 438 

user interface, 438-442 

Mole interaction device, 375 

Molecular modeling, 631, 722, 1071-1072, 

1081 

Monochrome, see Bilevel 

Moon, non-Lambertian surface, 787 

Motion blur, 639, 813 

Mountains, fractal 1046-1048 

Mouse, 39, 215, 374-375, $78, 381, 

384-385, 388, 395, 397, 400, 404, 

430, 435, 440, see also Locator 

Mouse ahead, 462 

Moving-points path, 1085 

Multipass transformation, 845-846, 852-856 

Multiple control points, Curves, 519-520, 

523 

Multiple instruction multiple data (MIMD), 

see Parallelism 

Multiprocessing, 897-900 

Munsell color-order system, 598 

N (surface normal), 747 

n (specular reflection exponent), 753 

Name set, PHIGS, 356 

NASA, 63] 

NASA II, see General Electric NASA Il 

National Television System Committee 

(NTSC), 204, 613-614 

Natural cubic spline, 515 

Natural language dialogue, 426-427 

Natural phenomena, 1067 

Necker cube illusion, 632 

Negative orientation, 1129 

Network, see Structure network 

Newell-Newell-Sancha algorithm, see 

Depth-sort algorithm 

NeWS window system, 464-468, 476 

Newton—Raphson iteration, 723, 1133-1134 

Newton's method 1134 

NeXT, 377, 424, 492 

Nicholl-Lee—Nicholl algorithm, see Clipping, 

Nicholl-Lee-Nicholl line algorithm 

Noise function, 1040 

Noise-based modeling, 1067 

Noise-based texture mapping, 1040-1042 

Noll box, 379 

Nominative information, coding, 446-448 

Nonexterior rule, 989 

Nonspectral color, 607 

Normal 
to bicubic surface, 546-547 

to plane, 241, 500 

to quadric surface, 553 

to surface, 831 

Normalizing transformation 

parallel, 284-291 

perspective, 292-295 

Notches, in scan conversion, 995 

NTSC, see National Television System 

Committee 

Number wheel interaction technique, 399 

NURBS, see Splines, Nonuniform, rational 

B-splines (NURBS) 

Nyquist rate, 651-652, 812-814 

Oy, (object diffuse color), 750 

O,, (object specular color), 754 

Object buffer, 696 

Object hypothesis, 632 

Object modeling, see Geometric modeling 

Object parallelism, see Parallel rasterization 

architectures, object-parallel 

Object placement, automatic, 1074 

Object-order rasterization, see Rasterization 

algorithms, z-Buffer 

Object-precision, see Visible surface 

determination 

Octree, 574-579, 583-584 

linear notation, 578-579 

neighbor finding, 576-578 

PM octree, 579 
regularized Boolean set operations, 

576-577 
rotation, 576 

visible-surface determination, 719-722 

Odd-parity rule, polygons, 58 

Omnimax film format, 254 

Opacity, 778 
Opaque operator, 863 
OPEN LOOK, 476 

Open Software Foundation (OSF), 454, 476 

Ordered dither, 592 

Ordinal information, coding, 446-448 

Orientation of a basis, 1129 

Orthogonal, 1126 
Orthonormal basis, 1126 

Oslo algorithm, cubic curves, 534 

Ostwald color-order system, 598 

Outcode, clipping, 137 

Output pipeline, 92, see also Rendering 

Output primitives, 42, 43 

area-defining, 131 

geometric modeling, 320-322 

raster graphics, 50-54 
respecification, 85-87 

_ Overhauser splines, see Splines, 

Catmull-Rom 

Page mode, 882 
Page-description languages, 1022-1030 

Painter's algorithm, 698 

Painting 
implementation, 69 
versus drawing, 85 

PAL television standard, 204 

Palette, 65 

Pan-zoom movie, 1083, 1088-1089 

Parabola, specification, 1031 

“Parallax, 939 
Parallel front-end architectures, 904-906 

Parallel projection 

front, 256, 274 

oblique, 256 
orthographic, 256, 274 

, Side, 256 
top, 256, 275 

Parallel rasterization architectures, 911-923 

hybrid-parallel, 926-931 

image-parallel, 91 1-923 

object-parallel, 923-926 

, Index 1149 

Parallelism, 899-900 
multiple instruction multiple data 
(MIMD), 900 

single instruction multiple da 0 ple data (SIMD), 

Parallelogram rule, 1108 

Parametric surfaces, 495, 540-552 

Parametric bivariate polynomial surface 
patches, 496, see also Splines 

Parametric continuity, 504-506 

Parametric cubic curves, see Curves, 

parametric cubic 

Parametric polynomial curves, see Curves, 

parametric polynomial 

—, representation, in line clipping, 

Parametric velocity, 506 
Paraxial ray, 811 

Parity rule, 989 
Particle systems, 1055-1058 

Partitioned frame buffer, see Parallel 

rasterization architectures, 

image-parallel 

Patch, see Splines, surface patch 

Path tracing, 816 
Pattern, output attribute, 58-61 

Pattern filling, see Filling, pattern 

Pattern mapping, see Surface detail 

Pattern recognition interaction technique, 

394, 396 
P-curves, 1091 
Pel, 25 
Pen, sonic, 381 

Pen polygon, 1034 
Pen style, 133 
Pencil, 811 

test, 1082 
tracing, 811 

Perceived intensity of light, 587 

Perceptually uniform color space, 608 

Peridot, 480, 488 

Perpective transformation, see 

Transformation, perspective 

Persistence, phosphor, 181 

Person-to-person dialogue, 417 

Perspective foreshortening, 255, 304 

Perspective projection 
one-point, 255 
three-point, 256 

two-point, 256, 271, 273 

Perspective transformation, 681-684 

Phantom vertices, cubic curves, 519 

Phase, 1001 
angle, 650 
shift, 648 
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PHIGS, 40, see also SPHIGS 

PHIGS +, 40,, 886 

Phoenix Data Systerns Insight, 938 

Phong, see Illumination, Phong, and 

Shading, Phong 

Phosphor, 179, 181, 588, 607, 613 

Phosphorescence, 181 

Photometer, 588, 611 

Photorealism, 629 

rendering. 40 

Physicully haxed modeling, 1063-1071 

Pick 
vorrelution, 72-74 

vorrelutlon implementation, 362 

correlation object hierurchy, 353-355 

identifier, 355 
logical device, 212, 460-461 

logical input device, 66, 354 

point, 137 
window, 137, 363 

Picture hierarchy, see Hierarchy, object 

Piecewise approximation, see Curves 

Piecewise continuous polynomial, 502 

Pimple, 1001 

Pipeline front-end architectures, 901-904 

Pipeline rasterization architectures, 907-910 

imuge-order, 909-910 

object-order, 907-909 

Pipelining, 898 

Pitch, shadow mask CRT, 183 

Pitteway, 99 
Pixur, 304 
Pixar Image Computer, 938 

PixBit, 190, 887, see aiso BitBlt 

Pixel, 25 
geometry, 157 

cache, 909 

replication, 129 

Pixel-Planes, 918-921, 926 

Pixel-Planes 29, 929 

Pixel-stream editor, 834-835 

Pixmap, 37, 190, see also Bitmap, Canvas 

pattern, 60 

Planar geometric projection, 254 

Plane 
equation, 240, 500, 919-920 

implicit equation, 1122-11 23 

parametric equation, 11 11 

Plane-parallel copy, 1022 

Plane-serial copy, 1022 

Plants, 1051-1055 

Plasma panel display, 187-188 

Plastic slip, 1065 

Plotter, 172-178, 588 

drum, 173 

electrostatic, 173 

flatbed, 172 
ink-jet, 176 

Point light source, see Light source, point 

Point of evaluation, 108 

Polhemus, 3D digitizer 379-381 

Polling, see Sampling 

Polygon 
area of, 1136 

interior tent, 58 

Polygon clipping, see Clipping, polygon 

Polygon creation, 407-408, 412 

Polygon mesh, 495, 496, 497-500, 895, 

944-945 

consistency, 499-500 

Polygon table, 705 

Polyhedron, 567 
simple, 567 
SPHIGS, 321 

Polyline, 51, see also Scan conversion, 

polylines 

Popularity algorithm, color, 624 

Portability, 39 

application programs, 309 

Positioning interaction task, see Interaction 

task 
Positive orientation, 1129 

Postconditions, 489-491 

Postfiltering, 666, 842 

PostScript, 465-466, 538, 947-948, 987, 

1023-1030, 1105 

Potentiometer, 376, 399, 618 

POWER IRIS, 913-917 

Preconditions, 489-491 

Prefiltering, 666 

Primaries, color, 601, 609, 611-612 

Primitive instancing, 563 

Primitives, see Output primitives 

Printer 
dot-matrix, 172 
laser, 175 
thermal-transfer, 176-177 

Priority, display, 326 

Procedural models, 1042-1043 

Processing mode, keyboard, 70 

Progressive refinement, 836, see also 

Radiosity 

Projection, 253 
axonometric parallel, 257, 634 

cabinet parallel, 259-260, 282 

cavalier parallel, 259-260, 276, 282 

isometric parallel, 257, 276 

oblique, 634 

oblique parallel, 257 

orthographic parallel, 256 

parallel, 254, 267 

perspective, 254, 635 

Projection implementation 

parallel, 284-291 

perspective, 292-295 

Projection matrix 
general, 282 
orthographie, 280 

perspective, 278-280 

Projection plane, 254 
Projection reference point (PRP), 262 

Projection textures, 1042 

Projector, 254 
Prompts, 435-436 

Proximity, visual, 442-443 

Pruning, structure network, 364 

Pseudorealism, rendering, see Photorealism 

Pulldown menu, see Menus, pulldown 

Pulse function, 653 

Purity, see Excitation purity 

Put that there, 427 

Putty, 1066 

Quadratic interpolation, 521 

Quadratic polynomials, 528 

Quadric surtace, 495, 497, 552, 570, 722 

Quadrilateral mesh, see Polygon, mesh 

Quadtree, 574, 721 

for image storage, 870 

linear notation, 578-579 

neighbor finding, 576-578 

Quantify interaction task, see Interaction task 

Quantitative invisibility. 690 

Quantization effects, see Antialiasing 

Quaternion, 1087, 1105 

Question-answer dialogue, 427 

QuickDraw, 40, 987 

R (direction of reflection), 753 

Race conditions, 473 

Radiance, 785 

Radio button interaction technique. 393, 450, 

476 

Radiosity (B), 817 

Radiosity methods, 746, 777, 799, 817-830 

ambient term, 825 

color bleeding, 819 

delta form factors, 822 

extended form factors, 830 

z-buffer, 830 

index 1151 

form factor (F;;), 818-823, 827-828 

form factor reciprocity relationship, 818 
gathering, 825 
Gauss-Seidel iteration, 819 

Gouraud shading, 819, 830 
hemicube, 820 
mirror worid, 829-830 

progressive refinement, 824-828 

radiosity equation, 817-819 

ray (racing, 827, 828-830 

reflection (rustum, 829 

shooting. 825 
apuculur reflection, 828-830 

aubstructuring, 823-824 
vertex ridiositien, 819 

RAMDAC, see Video look-up table 

Random dither, 592 

Random scan, 33, 36 F 

Random-xcan display processor, 208-211 

Rapid recall, 416 

Raster, 35 
display, 190, 211, $75-885, see also 

Cathode Ray Tube 

Raster graphics package, 49 

Raster image processor, 38, 95 

Raster lines, 35 

Raster operation, 201-202, see also BitBlt, 

PixBit, Write mode 
Raster scan, 36 
Raster Technologies, Inc., 906 

Rastering, 665 

Rasterizution, 630, 894-895, 906, see also 

Scan conversion, Shading, Visibility 

determination 
polygon, 907-909, 915-917, 920 

scan-line algorithms, 894 

speed of, 897 

z-buffer algorithm, 894-895 

RasterOp, 196-198, 392, see also Raster 

operation 
Raater-scan generator, 191-192 

Ratio information, coding, 446-448 

Ray, eye, 725 

Ray casting, 725 see also Ray tracing 

in b-rep Boolean set operations, 570 

Ray Casting Machine, 925 

Ray tracing, 725-739, 777, 800-817, 

828-830 see also Distributed ray tracing 

adaptive supersampling, 738-739 

adaptive tree-depth control, 807 

antialiasing, 738-739 

area sampling, 810-811 

beam tracing, 811, 817 
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bounding volume, 729-730 
computing intersections, 726-728, 

729-730 
cone tracing, 810-811 

constructive solid geometry, 736-737 
distributed ray tracing, 812-816 
efficiency, 728-736, 806-809 
from light sources, 816 
hierarchy, 730-736 
Kay-Kajiya bounding volume, 729-732 

light buffers, 807-808 
mass properties, 743 
numerical precision problems, 805 

octrees, 735 

pencil tracing, 811 
polygons, 727-728 
primary rays, 802 
ray classification, 808-809 

ray tree, 802-803, 805 

real time, 914 
recursive, 746, 800-817 
reflection mapping, 806 
reflection rays, 802 

refraction rays, 802 
regularized Boolean set operations, 

736-737 
secondary rays, 802 

shadow rays, 801 
shadows, 800-801 

slab, 729 
space-time, 1102 
spatial partitioning, 734-736 
spheres, 726-727 
stochastic sampling, 812-815 
surface normal, 727~728 

Ray-tracing architectures, 934-936 
Reaction Handler, The, 482 
Realism, see Photorealism 
Reconstruction, 643, 660-666 

sample and hold, 665 
Rectangle write, 126 
Recursive subdivision, curves and surfaces, 

535, 536-538, 550-552 
Redo command, 433-434 
Reference model, 969 
Refinement, curves, 531 

Reflected light, 598 
Reflection, 638, see also Diffuse reflection, 

direction of reflection, Specular reflection 
Reflection mapping, 782-785, 806 

antialiasing, 783 
Refraction, 638 
Refraction vector (7), 781 
Refresh, 34, 36, 179, 181-182, 880, see also 

Display traversal 
Refresh rate, 179, 194 
Regeneration strategy, 1020 
Region, 1003 

boundary-defined, 1004 
interior-defined, 1004 

Region checks, clipping, 137 
Regularized Boolean set operations, 

559-563, 571-572, 585, 726 see also 
Constructive solid geometry 

for binary space partitioning trees, 
580-581 

for boundary representations, 570-571 
compared with ordinary Boolean set 

operations, 560-562 
for octrees, 576-577 

for sweeps, 565 
ray tracing, 736-737 

Relaxation techniques, 1096 
Renderers, design, 834-836 

Rendering, 630 
PosTSCRIPT, 1023 

Rendering, SPHIGS, see Display traversal 

types, 347 
Rendering equation, 800, 816 
Rendering pipeline, 830-836 

z-buffer, 830-832 
global illumination, 833 
Gouraud shading, 830-831 
list-priority, 832 
local illumination, 830-833 
Phong shading, 832 
ray tracing, 834 

RenderMan, 304, 305, 835 

Repeat command, 440 
Request mode, 460-463 
Resampling, 841, 856 

Residual, 970-971 
Resolution, 171, 177, 182, 184, 207, 

884-885 
interaction tasks, 383, 399 

Response time, see Latency 
Retained-mode graphics, see SPHIGS 
Reyes, 835-836 
RGB color model, 608-611, 620-621 
p (bidirectional reflectivity), 787 
p, (diffuse bidirectional reflectivity), 787 
p, (specular bidirectional reflectivity), 

787-188 
RIFF, 873 
Right justification, 153 
Ringing, 657 
RIP, see Raster image processor 
Root, structure network, 323 

Root finding, 1133 

Rotation 
dynamic, 411 
3D, 239 
2D, 227, 230 

Rotation interaction task, see Interaction task 

Rothstein code, 845 

Route sheet, 1083 
Row-preserving map, 852 
Rubberband 

circle drawing, 407 
ellipse drawing, 407 
feedback, 75-76 
line drawing, 406 
rectangle drawing, 406 

Run-length encoding, 869, 878 

S; (shadow coefficient), 769 

Sample, SRGP input mode, 68-69 
Sample and hold, 665 
Sample mode, 461 

Sample-driven interaction, 66-68 
SampleLocator, 462, 463 
SamplePick, 461 
SampleString, 461 
Sampling, 643 

area sampling, 645-647 
importance sampling, 814-815 

point sampling, 643-645 
sampling theory, 645, 647-652 
unweighted area sampling, 645, 738 

weighted area sampling, 646 

Saturation, color, 598-599, 603-604, 608, 
614-615 

Saturn’s rings, 1069 
Scalar field, 1059, see also Image scaling 

differential, 226, 234 
3D, 239 
2D, 226, 229-230 

Scan conversion, 38, 95, 894, 969-989, see 

also Rasterization 
antialiased lines, 156-166 
characters, 151-156 
circles, 105-111 
conics in gray-scale, 981 
ellipse, 112~115 
evaluation of algorithms, 970 

filled primitives, 988-989 
general circles, 973-975 
general conics, 975-985 

general ellipses, 975-985 

general lines, 972-973 
incremental line, 97-98 
line, 96-105 

, Index 1153 

midpoint circle, 107-111 
midpoint ellipse, 112-115 
midpoint line, 98-105 

outline primitives, 105 
polylines, 973 
rectangle, 115 
text, 1000-1003 

text strings, 154-156 

thick general curves, 987-988 
thick primitives, 128-133, 985 
trapezoid, 123 

triangle, 123 
triangle mesh, 123 

Scan line, 775, 907-908 
Scan Line Access Memory (SLAM), 

921-923 
Scan-line algorithm, 121, 704-710, 739, 761 

regularized Boolean set operations, 708 
Scan-line system, see Pipeline rasterization 

architectures, image-order 
Scanner, 219-221, 398 

Scefo, 1090-1091 
Scene radiance, 787 

Schréder stairway illusion, 632-633 
Scientific visualization, 29, 1081 
Scissoring, 95, 134, 167, 894, 948, 1019 
Score, conductor’s, 1093 
Screen, printing, 594 

Screen angle, printing, 592 
Scroll, 206, 389 

S-dynamics, 1093 
SECAM television standard, 206 

Second-order differences, circle scan 
conversion, 109-111 

Sectoring, 771 
Segment, 200, 466 

Segment storage, local, 200 

Segments, in GKS, 40 
Select interaction task, see Interaction task 

Selection 
by naming, 386 
by pointing, 386-388 

Self-luminous object, 598-599, 604 

Self-occlusion, 748 
Self-similarity, 1044 
Semantic design, see Functional design 
Sequence, see Action 
Sequencing design, 418-419, 428, 430 
Sequencing rules, 417 
Serpent UIMS, 490 
Server-client window management system, 

464-465 
Set 

boundary points, 559 



1154 index 

closed, 559 
closure, 559 
interior, 559 

open, 559 

regular, 560 
regularization, 559 

Shade, color, 598 
Shade trees, 834 

Shader, 834-835 
Shading, 892-893, 894-895, see also 

Rasterization 
constant (flat, faceted), 758-759 

dot-product interpolation, 763 
Gouraud (intensity interpolation), 

622-623, 637, 760-762 
interpolated, 637, 759 

model, 745 
Phong (normal interpolation), 762-763 
polygon mesh, 759-763 
problems with interpolated shading, 

763-764 
Shadow map, 776 
Shadows, 638, 769-777, 934 

fake, 770 
penumbra, 797 
percentage-closer filtering, 777 
region of influence, 773 

scan-line, 770 
shadow polygon, 773 
shadow volume, 773, 796-797 
shadow volume binary-space partitioning 

tree, 775 
sphere of influence, 773 
two-pass z-buffer algorithm, 775-777 
two-pass object-precision algorithm, 
770-773 

umbra, 796 
Shapes 

algebra, 1016-1019 
boolean operations on, 1017-1019 
data structure, 1016 

Shear 
3D, 240 
2D, 231 

Shielding, viewports, 326 
Shrinking raster, 181 
Side effects 433 
SIGGRAPH, 39, 543 
SIGHT, 935 
Signal, 642 

continuous, 642 

discrete, 642 

frequency ‘spectrum, 647, 652 

Silhouette edge, 722 
Silicon Graphics POWER SERIES, 903, 

913-917 
SIMD, see Parallelism 
Similarity, visual, 442-445, 448 
Simulation, 29, 1081 
Sinc function, 656-659, 990 
Singer/Link, 943 

Single instruction multiple data (SIMD), see 
Parallelism 

Skeletal motion, 1073 
Skeleton, 1085 
Sketchpad, 32, 1064, 1095, 1100 
Skin, 1038, 1073 
Skitter, 402 
Slerp, see Interpolation, spherical tinear 
Sliver polygons, 119 
Slow-in/slow-out, 1084 
Smalltalk, 1020, 1097 
SmethersBarnes prototyper, 478, 488 
Smoke, 1055 

Snakes, 1072 
Snell’s law, 780, 802 
Soft objects, 1071 

Solid angle, 784-785 

Solid modeling, 556-586, 596, see also 
Geometric modeling 

features, 585 

point classification, 580 
robustness, 585 
toleranced objects, 585 

untoleranced objects, 585 
user interface, 585 

Solid modeling representation 
comparison, 583 
conversion, 583-584 

evaluated model, 583-584 
unevaluated model, 583-584 

Solid textures, 1039-1042 

Sorting, bucket, 910, 927-928 

Span, 907-908, 910, 1004 
of a set of vectors, 1109 

Span calculation, 123, 132 
Spatial integration, 592, 623 
Spatial occupancy enumeration, 573-574, 

582, 583 
Spatial partitioning, 688, 710, 734-736 

adaptive, 688 
Spatial partitioning representations, 

572-581 
Spatial resolution, 592~593 
Spatial subdivision, see Spatial partitioning 

Spatial task, 384, 398 

Special orthogonal matrix, 231, 240 

Spectral energy distribution, 599-600, 

603-604, 606 
Spectral sampling, 797 
Spectral-response functions, 600-601 
Spectroradiometer, 600, 606, 610 

Spectrum, 599 

Specular reflection, 752-755 

coefficient of (k,), 753 
color shift, 792 

exponent (n), 753 

Speech recognition, see Voice recognition 
Speech synthesizer, see Voice synthesizer 
Speed of learning, 415-416, 427, 442 
Speed of use, 415-416, 422, 427, 435 
SPHIGS, 40, 309-370, 506, see also 

Hierarchy, structure network, Structure 
network, and Structure 

interaction handling, 352-355 
object modeling, 328-338 

output attributes, 322 
output primitives, 320-322 

SPHIGS, screen updating, see 
viewing operations, 323-326 

Splines, 506 
Bézier curves, 506, 512-515, 539-540 
Bézier surfaces, 545-546 

B-spline curves, 515 

B-spline surfaces, 546 
B-splines, 529-531, 539-540 
Catmull—Rom, 528-529, 539-540 

deformations, 1038 
hierarchical, 1036-1038 
hierarchical B-spline refinement, 534 
Kochanek-Bartels, 531, 539-540 

nonuniform, nonrational B-spline curves, 
519-524, 539-540 

nonuniform, rational B-splines (NURBS), 
526, 571 

nonuniform, rational cubic polynomial 
curve segments, 525-528 

use in animation, 1084 
used for characters, 155 

Spot size, see Dot size 
Spotlight, 757 

Sprite, 204, 1089 
Square wave, 650 

Squash and stretch, 1101 
SRAM (Static random-access memory), 881 
SRGP, 40, 49-90, 460 

framebuffer control, 76-84 
interaction handling, 64-76 
output attributes, 54-62 
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output primitives, 50-54 
SRGPcopyPixel, 93 

implementation, 156 

Staging, see Animation, staging of 
Staircasing, 156 © 

Standard affine plane, 1113 

Standard affine, 3-space 1113 
Standard graphics pipeline, see Graphics 

pipeline 
Standardized object, 328 

Standards, 39 
graphics packages, 309 

Starter kit of commands, 416, 437 
State variables, 481-488, 490 

State-transition diagram, 387, 406, 407, 408, 
428, 481-488 

Static random-access memory, see SRAM 
Stellar GS2000, 913, 934, 936-937 
Steradian, 784-785 
Stereo 

display, 939-940 
pair, 640, 400 

Stereopsis, 640-641 

Stimulus-response (S-R) compatibility, 383, 
402, 404 

Stochastic sampling, 812-815, 836 
Storage, see Structure network 

Storage, primitives, see Structure network 
Storyboard, 454, 1082 
Stream erosion, 1067 
String logical device, 460 
Stroke, 33 

logical input device, 66 
Structure, 317, 319, see also Hierarchy, 

structure network 

referral, 365, see also Display traversal, 

Hierarchy 
editing, 319, 348-351 
elision, 364 

example, 335-338 
hierarchy, 332-338 
modeling transformation, 328-332, 339, 

360 
pick correlation, 353 

Structured display file, see Hierarchical 
display list 

Structures, 40 

Stucco, 1079 
Style guide, user interface, 454 
Subdividing cubic curves, 531-534 

Subpixel area-subdivision algorithms, 717 
Subspace, affine or linear, 1112 
Subtractive colur primaries, 611-612 
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Summed area table, 850-851 
SunView, 476-478 

Superposition, principle of, 990 
Supersampling, 644 

adaptive, 667-668 
stochastic, 668-669, 812-815 

Support, of filter, 160, 655 

Surface detail. 765-769 

bump mapping, 768 

displacement mapping, 769 

solid texture, 769 

surface-detail polygons, 765 

texture mapping, 765-768, 824 
transparency mapping, 769 

Surface modeling, 495 
Surface normal 

in Boolean set operations, 561-563, see 

also Normal, to surface 
for implicitly defined surfaces, 1126 

Surface patch, see also Curved surfaces 
Blinn display algorithm, 722-723 
Catmull recursive-subdivision display 

algorithm, 722-723 
Clark display algorithm, 724-725 

cracks, 551-552, 725, 761 

Lane—Carpenter display algorithm, 
724-725 

Whitted display algorithm, 722-723 

Surface table, 708 
Sutherland—Hodgman Polygon—Clipping 

algorithm, see Clipping, 
Sutherland—Hodgman Polygon-Clipping 

algorithm 
Sweep, 564-565 

general, 564 
rotational, 564 

translational, 564 
Symbol, 225, 387 
Syntax 

free-form, 441 
nofix, 441 

postfix, 440 
prefix, 439, 440, 442 

Synthetic camera, 323 
Systolic Array Graphics Engine (SAGE), 

927-928 

T (refraction vector), 781 
Tablet, 212, 374-375, 377-378, 383, 396 

resistive, 213 
sonic, 213°" 
stylus, 212 

Tactile continuity, 395 

TAE-Plus, 454 
Tangent vector, 503-512 

Tearing, 1066 

Tektronix, 185 
Template, 225 

Template procedure, geometric modeling, 

331 
Temporal aliasing, see Aliasing, temporal 
Tension parameter, B-splines, 529-530 

Texas Instruments TMS34020, 886-888 

Texel, 766, see also’ Character 
output primitive, 62-64 

Text entry speed, 398 
Text-extent, 153 
Texture, 635, 638 

surface, 934 

Texture mapping, see Surface detail 
Texture space, 1039 

6, (angle between LZ and N), 747 
6, (angle of incidence), 780 

6, (angle of refraction), 780 

Thick lines, see Scan conversion of thick 

primitives 

Thickness, 129 
ThingLab, 1096 
Thinking Machines Connection Machine, 93 

Thresholding, 844 
Tiling, 125 
Time delay, input, 463 
Tint, color, 598 
Tint fill, see Filling algorithms, tint fill 

Tone, color, 598 
Top-down design, user interface, 428, 453 

Torrance—Sparrow, see Illumination, 
Torrance—-Sparrow 

Total internal reflection, 782, 802 

Touch panel, 217, 374-375, 378-379, 383 

Trackball, 215, 374, 379, 403-404 
Tracking system, see Locator 
Transformation, 225-250 

affine, 231, 622, 1130 
construction of, 1131 
of coordinate system, 246-250 
geometric, 40, 901-902 

image, 206-207 
incremental, 237 

linear, 1130 
modeling, 304, 892 
of normal vectors, 241 

normalizing, 283 
in object modeling, 315, 328-332, 339, 

360 
perspective, 299 

of points in an affine space, 1131 
rigid body, 231 
of vectors in a vector space, 1131 
viewing, 893 

viewing in SPHIGS, 323-326 
window-to-viewport, 234-236 

Transformation composition, 232-234, 
241-246 

Transformation matrix, 234, see also 
State-transition network 

augmented (ATN), 485-487 

augmented recursive, 486-487 
recursive (RTN), 484-487 

Translation 
3D, 238 
2D, 225-226 

Transmission coefficient (k,), 778, 802 

Transparency, 638, 778-782 

approximation to changing &,, 780 
critical angle, 782 

filtered, 779 

z-buffer implementations, 779-780 
interpolated, 778-779 

nonrefractive, 778-780 
refractive, 781 

screen-door, 779 
of surfaces, 933-934 

total internal reflection, 782 
Transpose, see Matrix, transpose of 

Traversal, see Display traversal 

Trees, modeling of, 1046, 1051-1055 
Triangle, signed area of, 1136 

¢ Triangle Processor and Normal Vector 
Shader, 924 

Triangle strip, see Polygon, mesh 

Triangulation, 167 

Trigger, 66, 460-463 
Trimming curves, 552 
Tristimulus theory, color, 600 

Tristimulus values, 606 
Trivariate Bernstein polynomials, see 

Bernstein polynomials, trivariate 
Trivial acceptance, 137 
Trivial rejection, 137 

Turbulence, 1070 
Turning vertex, 956 

Tweaking, 568, 582, 585 

Two-bit graphics, 877 

2-manifolds, 566-567, 571-572 
Two-pass transformation, see Multipass 

transformation 
Typeahead, 462 

Typeface, see Character, typeface 
Typography, digital, 1001 

Index 1157 

Ultimate display, 941 

Undercolor removal, 623 
Undo command, 428, 433 434, 484 
Uniform nonrational B-spline curves, 

515-519, 539-540 
Uniformly shaped B-spline curves, 529-530 
Update, screen, see Display traversal 
User characteristics, 453 
User interface, 29, 585 
User interface design, 372, 415-416, 429, 

445, 453, 482 
User Interface Design Environment (UIDE), 

490-491 

User interface language, see Language 

User Interface Management System (UIMS) 
372, 480-492 

User interface prototype, 454 
User profile, 437 
User requirements, 453 

User-computer dialogue, 404, 416-419 
User-computer interaction, see Interaction 
User’s model, see Conceptual design 

Utah Raster Toolkit, 869, 873 

V (direction to viewpoint), 753 

Valuator logical device, 66, 212, 218, 376, 
460 

Value discretization, 841 
Vanishing points, 255 
Variational calculus, 1076 

Variation-diminishing property, curves, 533 
Varifocal mirror, 940-941 

Vector cross-hatching, 969 

Vector display, see Random-scan display 
Vector generator, 33 

Vector graphics, 33 
Vector space, 1107-1132 
Vectorize, 220-221 

Vectors 

angle between, 1120 
normalization of, 1120 
projection of, 1121 

Vertical retrace, 192, 880 
VGTS, 469 

Video controller, 35, 188-192, 203-208 
Video fields, see Fields, video 

Video games, 1089 

Video look-up table, 193-194, 393, 589, 
884 

management, 471 

Video mixing, 208 
Video multiplexer, 884 
Video RAM (VRAM), 202 
Video random-access memory, see VRAM 
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Video signal, 664 

View, 43 

mapping matrix, 266, 285 

orientation matrix, 266, 285 

plane, 261-264 

plane normal (VPN), 261 

reference point (VRP), 261 

up vector (VUP), 262 

View volume, 253, 263, 277, 284, 892 

canonical, 283, 299-300 

Viewing operation, 110, 282 

SPHIGS, 323-326 

Viewing process, 253-254 

Viewport, 234, 265-266, 302, 467-469 

SPHIGS, 324-326 

Virtual buffers, 926-927 

Virtual buffers, see Parallel rasterization 

architectures, hybrid-parallel 

parallel, 928-930 

Virtual processors, 927 

Virtual world, 28, 641, see also Artificial 

reality, Head-mounted display 

Visibility, in geometric model, 356 

Visibility determination, see Rasterization 

Visible-line determination, 635, 673 

Appel’s algorithm, 690-691 

Roberts’s algorithm, 689-690 

Visible-surface determination, 37, 636, 

673-744, see also Area-subdivision 

algorithm, Depth-sort algorithm, 

List-priority algorithm, Ray tracing 

algorithm, Scan line algorithm, Subpixel 

area subdivision algorithm, Warnock's 

algorithm, Weiler~Atherton algorithm, 

z-buffer algorithm 

curved surfaces, 722-725 

efficiency, 680-689 

formalization, 741-742 

functions of two variables, 675-680 

horizon-line algorithm, 676 

image precision, 674 
object precision, 674 
octree, 719-722 

sorting, 739 
voxels, 721 

Visual 

acuity, 593 
balance, 451 

continuity, 392, 432 

elements, 449 
organization rules, 442-446 

proportion, 451 
Voice recognition, 376-377, 386, 426 

Voice synthesizers, 377, 476 

Volume rendering, 938, 1058-1063 

Von Koch snowflake, 1044 

Voxel, 573 

visible-surface determination, 721 

VRAM (video random-access memory), 

883-885, 914, 918, 945 

Wagon wheel illusion, 1082 

WaitEvent, 462-463 

Warn lighting controls, 755-758 

Warnock’'s algorithm, 710-713, 738, 740 

Waves, 1067 
Wedges, 124 
Weiler polygon algorithm, see Clipping, 

Weiler polygon algorithm 

Weiler-Atherton algorithm, 713-717, 771 

What you see is what you get (WYSIWYG 

372, 420-421, 422, 427 

Wheel of reincarnation, 199 

Widget, 476-480 
Width scans, 996 

Winding rule, 989 

Window 
hardware-assisted, 931-932 

hierarchical, 469-470 
ID bits, 932 

pick, see Pick window 

priority, 932 

world coordinate, 234, 253, 261, 467-469 

Window events, 471-475 

Window management systems, 463-467, 475 

Window manager, 25, 200, 463-475, 625 

Window system, 464 

Window-to-viewport mapping, 234, 383 

Winged-edge data structure, 569-570 

Wireframe, 584 
rendering, 347 

Workstation, 169, 890, 914-917 

World-coordinate system, 84 

Write mode, 82 

X Window System, 40, 464465, 476, 987, 

1020 

Xerox, 372, 388, 421 

YIQ color model, 608, 613-614, 621 

Yon clipping plane, see Clipping plane, back 

Young Sherlock Holmes, 1074 

z-Buffer algorithm, 37, 692-696, 709, 722, 

740, 775-777, 823, 836 

z compression problem, 742-743 

picking, 744 

Zoom, 206, 386, 663 


